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(57) ABSTRACT 

The invention relates to methods and systems for transferring 
a stream of a components (28, 84, 100, 100‘), either as indi 
vidual components (28, 84, 100‘) or as a continuous strip 
(100) or band from Which individual components are cut, 
from a component feeder (62a) to a component receiver (92, 
108), e.g., in a processing machine, With controlled, e.g., 
continuous, motion escapement of the individual components 
(28, 84, 100, 100') from the feeder (62a). 
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US. Patent Jun. 22, 2010 Sheet 1 0f 18 US 7,740,125 B2 

F I G. 1 
PRIQR ART 



US. Patent Jun. 22, 2010 Sheet 2 0f 18 US 7,740,125 B2 



US. Patent Jun. 22, 2010 Sheet 3 0f 18 US 7,740,125 B2 

mm 55* 



US. Patent Jun. 22, 2010 Sheet 4 0f 18 US 7,740,125 B2 

Um 65* 



Sheet 5 0f 18 US 7,740,125 B2 US. Patent Jun. 22, 2010 



US. Patent Jun. 22, 2010 Sheet 6 0f 18 US 7,740,125 B2 

A 



US. Patent Jun. 22, 2010 Sheet 7 0f 18 US 7,740,125 B2 



US. Patent Jun. 22, 2010 Sheet 8 0f 18 US 7,740,125 B2 



US. Patent Jun. 22, 2010 Sheet 9 0f 18 US 7,740,125 B2 

FIG. 6A 



US. Patent Jun. 22, 2010 Sheet 10 0f 18 US 7,740,125 B2 

FIG. 6B 
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FIG. 6C 
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COMPONENT FEEDING WITH 
CONTINUOUS MOTION ESCAPEMENT 

TECHNICAL FIELD 

This invention relates to devices and methods for loading 
parts or components into machines at high rates of speed in a 
continuous motion. 

BACKGROUND 

Component feeding in automated assembly machines 
involves three aspects: (i) singulation, Which is the separation 
of multiple components so they can be manipulated individu 
ally, (ii) orientation, Which is the manipulation of components 
into a speci?c orientation required for the next processing 
step; and (iii) escapement, Which is the controlled separation 
and transfer of components from the end of a line and inser 
tion into a processing machine, e.g., an assembly machine at 
a speci?c spacing betWeen components, as required by the 
processing machine. Escapement can also include additional 
aspects of singulation and orientation. 

U.S. Pat. No. 3,601,041 describes an apparatus for feeding 
and orienting parts such as tablets or capsules. Capsules are 
carried by a hopper set over a rotating disc having slotted 
radial paths. As the capsules fall from the hopper onto the 
rotating disc, the are centrifugally throWn toWard the outer 
periphery along the slotted paths and urged into the slots in an 
end-to-end aligned relation. The capsules are passed betWeen 
printing members in their oriented position and then dis 
charged into a hopper. 

U.S. Pat. No. 3,471,000 describes a mechanism for orient 
ing and feeding items such as fruit and produce to a location 
for packaging. A conveyor delivers the items to a rotating 
mechanism. The rotating mechanism includes a plurality of 
radial arms, Which, at a certain point in a cycle of rotation, rise 
to place the item on a shelf that rotates simultaneously With 
the radial arms. When the shelf reaches a particular station, 
the item is urged into a chute or outlet. This cycle is continu 
ous during rotary motion of the mechanism. 

U.S. Pat. Nos. 3,912,120, 3,960,293, 4,821,920 and 5,740, 
899 also describe rotating mechanisms and apparatus for 
feeding, orienting, and/or separating articles. 
As shoWn in FIG. 1, knoWn escapement mechanisms 

involve an intermittent feeding, also knoWn as “slice” feed 
ing, of components into processing machines. That is, each 
component, or batch of components, is stopped or sloWed to 
a momentary standstill so that they can be transferred and 
then inserted into the processing machine at a predetermined 
spacing betWeen components. Thus, the time interval during 
Which the components are stopped creates the required spac 
ing. 

In general, a transfer disk 20, With a number of component 
holders 22, rotates about an axis 24 in the direction of arroW 
26. As each component holder 22 moves into contact With the 
end of a stream of components 28, the holder captures the 
component, and separates it from the stream. The remaining 
parts in the stream 28 advance rapidly to position or location 
30 vacated by the one taken and Wait for the next component 
holder 22 to advance to position 30. This time delay results 
from the predetermined spacing 32 betWeen the component 
holders 22 and thus betWeen the components 28 as they exit 
the transfer disk 20 at location 34. As seen in FIG. 1, the 
distance along the curve betWeen component holders 22 on 
disk 20 is essentially the same as the distance betWeen the 
components after they exit the disk at position or location 34. 
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2 
This slice feeding mechanism provides the required spac 

ing betWeen components, but requires that all components 
stop, one after the other. This process is thus Wasteful in terms 
of energy and time, and signi?cantly limits the overall pro 
cessing speed. In addition, the jarring of components When 
they stop can lead to damage of the components and can 
impair their orientation, Which is particularly important When 
Working With asymmetrical and aspherical components that 
are processed at high speeds. 

SUMMARY 

The invention is based, in part, on the recognition that if 
one delivers a component to a capture location at a ?rst 
distance from a central axis of a surface, e.g., a disk in the 
shape of a circle or polygon, and at a ?rst radial position, and 
moves the component to a delivery location at a second radial 
position using a component holder that actively grips only 
one component at the capture location and deposits the com 
ponent at the delivery location in a de?ned orientation; then 
one can achieve a smooth transfer of the component from one 

location to another in a controllable, continuous How, and 
With a de?ned orientation, Without the need to stop the com 
ponents at any point along the transfer path. 

In general, in one aspect, the invention features continuous 
motion escapement systems that include a rotatable disk 
including a central axis; a capture location at a ?rst distance 
from the central axis and at a ?rst radial position With respect 
to the central axis; a delivery location at a second radial 
position With respect to the central axis; and a plurality of 
component transfer mechanisms arranged on the disk, 
Wherein each component transfer mechanism includes a com 
ponent holder con?gured to actively grip only one component 
at the capture location, and Wherein each component transfer 
mechanism is con?gured to move the component holder from 
the capture location to the delivery location, enable the com 
ponent holder to deposit the component at the delivery loca 
tion in a de?ned orientation, and return the noW empty com 
ponent holder to the capture location Within one rotation or 
less of the disk. 

In the neW systems, the delivery location can be at a second 
distance from the central axis different than the ?rst distance; 
and the distance of the component from the central axis can 
change as the component transfer mechanism moves the com 
ponent from the capture location to the delivery location. The 
second distance can be smaller than, longer than, or the same 
as the ?rst distance. For example, if the second distance is 
longer than the ?rst distance, the spacing betWeen the com 
ponents as they leave the delivery location is increased com 
pared to their spacing as they arrive at the capture location. In 
certain embodiments, the distance of the component from the 
central axis changes continuously as the component transfer 
mechanism moves the component from the capture location 
to the delivery location. 
The systems can also include a drive that causes the disk to 

rotate about the central axis, and a controller that controls the 
speed of rotation, Wherein a continuous rotation of the disk 
causes the component transfer mechanisms to deliver a con 
tinuous stream of components from the capture location to the 
delivery location. The systems can also include a component 
feeder that is arranged to singulate components and feed them 
to the capture location in an orientation that enables the com 
ponent holder to grip individual components. 

In various embodiments, the component transfer mecha 
nisms can be arranged symmetrically on the disk about the 
central axis, and each component transfer mechanism can 
move the component holder radially outWardly from the cap 
















